Intake and digestion in cattle fed warm-or cool-season grass hay with or without low-level grain supplementation were studied with a 2 x 2 factorial arrangement of treatments in two 4 x 4 Latin square experiments. In Exp. i, four cannulated beef cows (396 kg) were given Bermuda grass (B) or orchard grass (OG) hay at 1.5% body weight (BW) with 0 or .3% BW of ground corn (C; dry matter). Bermuda grass contained 12.1% crude protein, 79.3% neutral detergent fiber (NDF) and 5.5% acid detergent lignin (ADL); OG contained 10.6% crude protein, 82.4% NDF and 8.1% ADL. An interaction (P<.07) between forage type and C supplementation was noted for microbial N entering the duodenum; C supplementation had a positive effect with B (30% increase) and little effect with OG. Corn supplementation did not affect ruminal NDF digestion with B, but it elicited an increase with OG (interaction, P<.05; means were 60.7, 60.1, 61.5 and 66.3%). In the second experiment, growing dairy steers (196 kg) were given ad libitum access to similar B or OG hays and were fed 0 or .5% BW of C. Dry matter (DM) intake was lower for OG than for B (P<.05) and was lower with than without C (P<.06; means were 2.76, 2.56, 2.53 and 2.30% BW for B, BC, OG and OGC, respectively). Total tract organic matter digestion (%) was higher for OG than for B (P<. 10) and was higher with than without C (means were 54.7, 61.5, 60.4 and 65.3%). In conclusion, chemical constituents such as NDF may govern differences in intake between warm-and cool-season grasses, but physical attributes of the forages appear more important to digestion.
Introduction
Warm-season grasses produce more dry matter (DM) than cool-season species (Van Soest, 1982) ; however, primarily because of differences in proportions and arrangements of tissues (Akin, 1986a,b) , cool-season species are generally thought to be of higher quality because of greater digestibility. Perhaps many producers are cognizant of this, or it may be simply out of realized necessity that warm-season forages are often managed better than are cool-season forages. As a result, the quality of warm-season grasses many times is higher in regard to maximum attainable quality than that of cool-season species.
For beef cattle production in the Southeast, basal nutrients supplied by forage are supplemented with other feedstuffs in many instances.
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3Anim. Sci. Dept. Received April 30, 1987 . Accepted August 17, 1987 Differences in physical characteristics between warm-and cool-season grasses suggest that ruminal conditions with each grass type, such as pH, ability of fiber-degrading bacteria to attach to fiber particles, or the degree of preferential usage of starch by fiber-degrading bacteria (Mertens and Loften, 1980; Mould et al., 1983; Hoover, 1986) , may be affected differently by dietary grain addition. Therefore, this study was conducted to examine changes in intake and digestion by beef cows and growing steers incurred by low-level grain inclusion in warmand cool-season grass hay diets.
Materials and Methods
Exp. 1 Four crossbred beef cows (396 kg average initial weight) cannulated (T-type) in the rumen (2.54-cm i.d.), duodenum and ileum were used in a 4 • 4 Latin square with a 2 x 2 factorial treatment arrangement. Cows were individually maintained in 3.1-x 4.6-m pens with water and trace mineralized salt (>96% NaCI, .24% Mn, .22% Fe, .025% Cu, .007% Co, .007% I and .3% Zn, DM) available ad libitum. Ground corn (C) was given at 0 or .3% of body weight (BW) daily in two equal meals. After consumption of C, Bermuda grass (B; mature) or orchard grass (OG; fully headed) hays (table 1) were offered at 1.5% BW daily (DM). This level of hay intake was 85 to 90% of ad libitum ingestion of OG alone in a preliminary period in which two cows were fed OG and two received B. Periods lasted 14 d with feeding at 0800 and 1600 the first 6 d and at 0800 and 2000 the last 8 d.
The first 9 d of each period were for adaptation to the diet; the last 5 d were for digesta sampling. Bermuda grass or OG hay (100 g air-dry) labeled (Goetsch and Galyean, 1983) with ytterbium (Yb) replaced the respective hays and was mixed in meals fed at 2000 on d 8. Just before the 0800 feeding at d 10, cows were intraruminally dosed with Co ethylenediaminetetraacetic acid (CoEDTA; Uden et al., 1980) in 200 ml of deionized water. Ruminal samples (350 ml) were collected 3, 6, 9, 12, 18 and 24 h later, analyzed for pH and strained through eight layers of cheesecloth. Approximately 100 ml were acidified and frozen; 200 ml were placed in a saline-formalin solution (Merchen and Satter, 1983) to form composite samples. Duodenal (250 ml), ileal (200 ml) and rectal (grab) samples were obtained d 11, 12, 13 and 14 at 12-h intervals, advancing 3 h daily. Sample pH was measured immediately. Composite samples of duodenal and ileal digesta were formed within cow and period and frozen between collections; individual rectal samples were also frozen. Hay and C composites were formed by sampling d 9to 14.
Individual ruminal samples were thawed at room temperature, and NH3-N concentration was determined with an NH 3 electrode. Concentration of NH3-N in wet duodenal digesta was also assayed. A portion of the ruminal samples was centrifuged at 10,000 • g for 10 min, and Co concentration in supernatant fluid was determined by atomic-absorption spectrophotometry. Two composite samples of wet rectal digesta were formed within cow and period. Small portions of composites of duodenal, ileal and rectal digesta were dried in a forced-air oven at 55 C for 48 h and allowed to air-equilibrate. Remaining whole composite samples were lyophilized and, along with sampies of hay, were ground through a 1-mm screen. Dry matter (DM) content of these samples was determined in a convection oven at 100 C. Bacterial cells in composite samples of ruminal fluid stored in saline-formalin were obtained by differential contrifugation (Merchen and Satter, 1983) , lyophilized and crushed.
Portions of wet duodenal composite samples were placed on a nest of screens (1.18, .6, .5, .3, .25 and. 15 mm) and washed with tap water. Dry matter retained on each screen and on screens with larger sieve openings was expressed as a percentage of total sample DM and converted to probits to estimate mean particle size (MPS; Jaster and Murphy, 1983; Kerley et al., 1985) . Other portions of whole, wet duodenal digesta were subjected to specific gravity (SG) analysis with a pycnometer.
Sequential fecal samples were dried at 55 C for 48 h, allowed to air-equilibrate and ground through a 2-mm screen. Dry matter was determined, and mineral residue obtained by ashing (muffle furnace, 500 C) was solubilized with acid (Ellis et al., 1982) and analyzed for concentration of Yb by atomic absorption spectrophotometry.
Dry composite samples of hay, C and duodenal, ileal and rectal digesta were analyzed for DM, ash, Kjeldahl N (AOAC, 1975) , neutral detergent fiber (NDF), acid detergent fiber (ADF), acid degergent lignin (ADL; Goering (Zinn and Owens, 1982) , and the nucleic acid concentration in duodenal digesta was determined. Concentrations of AIA in duodenal, ileal and rectal digesta were divided by AIA intake to estimate DM passing each sampling site. Multiplication of DM passage by constituent concentrations in digesta provided constituent flow. Digestibilities were expressed as percentages of intake, substrate available for digestion in postruminal gut segments and total tract digestion. To calculate microbial DM, organic matter (OM) and N passing from the rumen, concentrations of OM and N in bacterial cells and the ratio of nucleic acid-N to total N in isolated bacterial cells were used. Total N in duodenal digesta minus NH3-N and microbial N yielded apparent feed N entering the small intestine, which included endogenous contributions. Efficiency of ruminal microbial growth (MOEFF) was estimated as g microbial N/kg of OM truly fermented in the rumen.
Ruminal fluid dilution rate (%/h) was derived by regressing the natural log of Co concentration in ruminal fluid vs time postdosing. Particulate passage rate (%/hr) was obtained similarly; samples taken before peak concentration of Yb in feces were ignored. Volume (liters) of fluid in the rumen was obtained by division of marker dose by the extrapolated concentration at time zero, and outflow rate (liters/h) was determined by multiplying dilution rate by volume.
Data were subjected to analysis of variance using the General Linear Models Procedures of SAS (1982) and considering cow, period, forage type, C supplementation and the interaction between forage type and C level in the statistical model. In addition to this model, for MPS and SG of duodenal digesta, percentage of microbial DM or N in total DM was included as a covariate. Simple overall correlations were determined.
Exp. 2. Four growing Holstein steers (aver-
age initial and final BW of 176.0 and 215.4 kg, respectively) were used in a 4 x 4 Latin square experiment with periods lasting 14 d. Upon initiation of the trial and on d 14 of each period, steers were weighed at 1300. Steers received 0 or .5% BW of C daily in two equal meals at 0800 and 1600; B or OG (table 1) was offered ad libitum immediately thereafter. Mineral supplement (40 g air-dry) of 50% dicalcium phosphate and 50% trace mineralized salt (>92% NaCI, .25% Mn, .2% Fe, .03% S, .033% Cu, .0025% Co, .007% I and .005% Zn, DM) was given at the 0800 meal.
Rectal grab samples were obtained d 11 to 14 at 12-h intervals, advancing 3 h daily, and frozen. Later, samples were thawed, and composites were formed on a wet-weight basis.
Composites were dried at 55 C for 48 h, allowed to air-equilibrate at room temperature and ground through a 1-mm screen. Feed samples were obtained d 8 to 14 and ground through a 1-mm screen. Composite samples were analyzed for DM, ash, N, NDF and AIA. Hay was also analyzed for ADF, ADL, cellulose and hemicellulose.
Intake the last 5 d of each period was not affected by day of the period (P>.05), and values were averaged for expression of DM intake and estimation of digestion. Intake of AIA and AIA concentration in feces were used to estimate fecal DM excretion. Nutrient intake, fecal DM output and concentrations of ash, N and NDF in feces were used to determine fecal excretion of OM, N and NDF and total tract disappearance. Data were analyzed statistically as described for Exp. 1.
Results and Discussion
Exp. 1. Bermuda grass hay was slightly higher in N and lower in NDF and ADL than OG (table 1), indicative of higher relative maturity of OG than B. Likewise, ADL as a percentage of NDF was higher in OG (9.8) than in B (6.9).
Ruminal pH (table 2) fluctuated little with time after feeding. Mean ruminal pH and pH at 6 and 9 h after feeding were lower for B than for OG (P<.05), possibly due to the slightly lower level of NDF in B than in OG. Ruminal NH3-N concentration was similar (P>.10) among diets (table 2) . Multiplying ruminal fluid volume (table 3) by the ruminal NH3-N concentration indicated that NH3-N contained in the rumen was not lowered by C supplementation with either forage. A ruminal NH3-N deficiency is not likely with the levels of supplementation, forage intake and forage N concentration used in this study. Likewise, ruminal NH3-N concentration was not related to digestion measures (P>. 10). Duodenal pH was similar (P>. 10) for all diets, but ileal pH was depressed (P<.05) by C supplementation (table 2) . Rectal digesta pH was lower for OG than for B and was lower with than without C (P<.05). The ash content of bacterial cells isolated from ruminal fluid was lower for OG than for B (P<. 10), and bacterial N was higher with OG than with B (P<.05; table 3). Nucleic acid-N concentrations were not affected (P>. 10) by diet.
Inclusion of percentages of microbial N or microbial DM in duodenal digesta as covariates did not affect (P>. 10) duodenal digesta MPS (table 3) . Duodenal digesta MPS was not affected by diet (P>. 10). Similarly, Jones et al. (1987) found constant MPS of duodenal digesta, ranging only from .12 to .13 mm, in beef cows fed diets differing in proportions of fescue and B hays at a maintenance level of feed intake. With low intake of high-forage diets, size of digesta particles exiting the rumen is small and does not appear to be influenced by forage type. Effects of concentrations of microbial N or DM in duodenal DM as covariates in the analysis of SG of duodenal DM were nonsignificant. An interaction (P<.05) between forage type and C supplementation existed for SG of duodenal digesta DM (table 3) ; SG declined when C was added to the B diet, but rose with OG. Specific gravity of duodenal digesta was related to true ruminal digestion of OM (r = .63; P<.01) and NDF (r= .52; P<.04), suggesting that substrate resistant to ruminal digestion was of higher SG than more accessible substrate. However, SG was not correlated with the percentage of ADL in duodenal digeta as a percentage of DM or NDF (P>. 10). Duodenal DM SG was negatively correlated with ruminal fluid outflow rate (r= -.53; P<.04) and particulate passage rate (r = -.56; P<.03). Perhaps SG of digesta particles near that of water provides less resistance to flow with water from the rumen than particles with higher SG. An SG above 1.0 is needed to attain proper ruminal positioning for exit through the reticuloomasal orifice (Welch, 1986) , but dense particles seem much less apt to exit the rumen than light ones.
Measures of ruminal fluid behavior (dilution rate, volume and outflow rate; table 3) were not affected by forage type or supplementation with C (P>. 10) or related to particulate passage rate (P>. 10). True ruminal OM digestion correlated negatively to ruminal fluid outflow rate (r=-.52; P<.04), whereas the r .with duodenal passage of microbial N was positive (r= .71; P<.01); hence, an apparent inverse relationship existed between microbial efficiency and ruminal fluid outflow rate (r= -.63; P< .01). These relationships suggest a certain inelasticity in the amount of microbial N associated with fluids exiting the rumen. Particulate passage rate (table 3) was not affected by diet (P>. 10).
Apparent ruminal digestion of OM was greater for OG than for B (P<.05), and an interaction (P<.10) existed between forage type and offering of C (table 4) . With B, C supplementation had a small negative effect on appar- aBennuda grass (B) or orchard grass (OG) hay fed at 1.5% body weight with 0 or .3% body weight of ground corn (C). bSE = standard error of the treatment mean based on four observations per treatment.
CEffect: F = forage type (P<.05); f = forage type (P<. 10); C = corn supplementation (P<.05); c = corn supplementation (P<. 10); I = interaction between forage type and corn supplementation (P<.05); i = interaction between forage type and corn supplementation (P<.10). ent ruminal OM digestion, whereas the change was positive with OG. Likewise, true ruminal OM digestion was higher (P<.05) for OG than for B, although an interaction was not detected (P>. 10) because of an interaction in passage of microbial N to the duodenum (table 5) . Differences in the types and arrangement of contained tissues are thought responsible for the greater potential digestibility of cool-than of warmseason grasses (Van Soest, 1982; Akin, 1986a, b) . These differences appeared to be major determinants of digestion, even though concentrations of chemical constituents such as N, NDF and ADL suggest that B was of higher quality than OG.
Small intestinal diappearance of OM (percentage of OM intake, entering the duodenum and total tract digestion and g/d) was greater for B than for OG (P<.05), and an interaction (P<. 10) between forage type and C supplementation was noted for g OM disappearing in the small intestine (table 4) . Based on microbial OM entering the small intestine (table 4), considerable B OM was digested therein, whereas for OG, evidently only small fractions of microbial and feed OM disappeared.
Hindgut OM digestion as percentages of intake and total tract digestion (table 4) was higher for OG than for B (P<.05), contrary to differences in small intestinal OM disappearance. Hence, total tract OM digestion was similar among diets (P>. 10). Postruminal OM digestibility as a percentage of intake in beef cows fed diets of different proportions of B and tall fescue hay at about 1.0% BW (DM) was generally less than in our trial, ranging from 8.9 to 12.4% (Jones et al., 1987) . Furthermore, in that study differences between forage type in the extent of postruminal OM digestion and its proportion of total digestion were absent. However, NDF was about 10 percentage units higher in B than in fescue, and both forages contained the same amount of ADL. Results in our trial suggest that, with B, considerable feed OM that was not degraded in the rumen was available for digestion in the postruminal tract, aBermuda grass (B) or orchard grass (OG) hay fed at 1.5% body weight with 0 or .3% body weight of ground corn (C). bSE = standard error of the treatment mean based on four observations per treatment.
CEffect: F = forage type (P<.05); f = forage type (P<. 10); C = corn supplementation (P<.05); c = corn supplementation (P<. 10); I = interaction between forage type and corn supplementation (P<.05); i = interaction between forage type and corn supplementation (P<. 10).
dMicrobial efficiency, g microbial N/kg organic matter truly fermented in the rumen. primarily in the small intestine. The difference between forages in site of postluminal OM disappearance suggests greater need for microbial digestion with OG than with B. Perhaps cell contents of warm-season grasses are less available in the rumen than are cell contents of coolseason grasses, as suggested by Mertens and Loften (1980) , thereby allowing considerable potentially digestible cell contents of warm-season grasses to enter the small intestine.
Total N entering the duodenum was greater than N intake, indicative of N recycling, for all diets (table 5 ). An interaction (P<.07) between forage type and C supplementation was observed for microbial N entering the duodenum, C having a positive effect with B (30% increase) but causing no change with OG. A similar interaction was present in efficiency of ruminal microbial growth (P<.05). Thus, production of microbial N in the rumen appeared limited by availability of readily fermentable substrate. Because the concentration of cell contents in B was actually higher than in OG, these results agree with the differences in site of OM digestion seen before and suggest that, apart from fiber, cell contents of warm-season grasses are not completely available to ruminal microbes. The disparity in results of this trial and the study by Jones et al. (1987) may involve level of feed intake, which was higher in the present experiment.
True ruminal N disappearance was lower (P<. 10) for B than for OG. Ruminal N disappearance in beef cows fed diets of B and fescue at a lower level of intake (Jones et al., 1987) were considerably greater (73 to 78%) than seen here; however, in the present experiment actual composition of bacterial cell isolated from luminal fluid was used to derive duodenal microbial N passage, whereas assumed values were used in the experiment reported by Jones et al. (1987) .
Small intestinal N disappearance was greater (P<.05) for B than for OG based on percentages of intake and N entering the duodenum (table 5 ). these differences, as well as ones in the opposite direction in hindgut N disappearance (P<.05), coincide with OM flow. Total tract N disappearance was greater (P<.05) for B than for OG, as expected, based on the higher concentration of ADL in OG than in B.
Dietary C addition increased ruminal digestion of NDF with OG but did not affect digestion with B (interaction, P<.05; table 6). This modulation of luminal NDF digestion with OG and the stimulation of microbial N flow with B caused by offering C imply that ruminal conditions affected were unique to each forage. Mertens and Loften (1980) suggested that starch contained in bundle sheath cells in coastal B is liberated in the lumen more or less continuously during fermentation. This contrasts with more rapid availability of readily degradable substrate in cool-season grasses to ruminal microbes (Van Soest, 1982) . Hence, prolonged and gradual release of starch from B may have provided readily fermentable carbohydrate needed for thorough bacterial attachment to fiber (Hoover, 1986) . However, because C elevated duodenal microbial N passage, perhaps the level of readily available substrate present without C limited production of new cells. The greatest potential to elevate microbial N production with forage-based diets could exist early after feeding, when prevalent microbial types have ample ability to proliferate shortly after readily available substrate is provided. Later, after forage consumption, more obligatory fiber-digesters are active.
Ruminal NDF digestion with B was not affected by C supplementation, but disappearance with OG increased when C was given (interaction, P<.05). Likewise, ruminal digestibilities of ADF and cellulose rose when C was added to the OG diet but not to the B diet, although the values were more variable than luminal NDF digestion coefficients. Ruminal hemicellulose digestion was similar (P>.I0) for all diets, and disappearance of ADL in the rumen was higher (P<.05) for OG than for B. Total NDF digestion declined (P<. 10) when C was supplemented (table 6) .
Exp. 2. Concentrations of ash, N and ADL in hays were similar to those in Exp. 1, although hay NDF levels in this experiment were slightly lower, and hemicellulose in both hays was higher in Exp. 2 than in Exp. 1. Intake of hay DM declined (P<.06) with C supplementation and was greater (P<.05) for B than for OG (table 7) . Lower concentrations of NDF and ADL in B than in OG may have been responsible for the effect of forage type. Decreases in forage intake upon C supplementation were similar, being 42 and 48% of C ingestion for B and OG, respectively. Jarrige et al. (1986) reported that the degree to which forage intake declines when concentrate is supplemented rises with increasing intake of forage.
Total tract OM digestion as a percentage of intake (table 7) was higher for OG than for B (P<, 10) and was higher with than without C (P<.05). No differences among diets were observed in Exp. 1 with limited intake, although dietary C addition tended (P>.10) to increase digestion. Total tract NDF digestion (%) was not affected by C supplementation (P>. 10) and was higher (P<.05) for OG than for B. Total tract N disappearance was similar (P>.10) among diets (table 7) , in contrast to greater disappearance of N in B than in OG in Exp. 11 Intake of digestible OM was similar (P>. 10) for OG and B and was increased by C supplementation (table 7; P<.05). The increase tended to be greater for OG than for B, although the interaction was nonsignificant. Grams of NDF and N disappearing in the total tract were affected by forage type (NDF, P<.10; N, P< .05) and supplementation of C (P<. 10). In summary, when fed at 1.5% BW, beef cows digested more B than OG OM in the small intestine; the OG hay was of relatively lower quality or higher maturity. Flow of microbial N to the postruminal tract with B rose when C was added to the diet. Production of microbial N in the rumen may be limited by supply of readily fermentable substrate with some warmseason grass forages; thus, a small amount of supplemental grain with growing animals to elevate microbial N reaching the small intestine should improve performance. Ruminal fiber digestion with OG was improved by supplementation with .3% BW of C. Growing dairy steers ate more B than OG, but intake of digestible OM was similar. Supplementation with C at .5% BW decreased intake similarly for both forage and did not change total tract fiber digestion. Thus, though chemical constituents in forages may be quite relevant to intake, inherent physical characteristics may cause lower digestion of warm-than of cool-season grasses, necessitating higher quality of the former grass to maintain animal performance.
